There are plentiful oil and gas shows in the Eastern Tarim Basin, but this area is much less explored. Development of a hydrocarbon accumulation model could provide guidance for future exploration. With analysis of control of hydrocarbon accumulation by tectonic evolution as a main line, combined with researches on hydrocarbon source rocks, reservoirs, traps and cap rocks in drilled wells, the processes of hydrocarbon generation, migration and accumulation were studied comprehensively. Finally three patterns of hydrocarbon accumulation were established as follows: lower source-upper reservoir hydrocarbon accumulation model above the upper Ordovician, mixed source-fault transportation-common sealing hydrocarbon accumulation model of the Jurassic sandstone and self-generating-self-preserving hydrocarbon accumulation model of the lower Palaeozoic carbonatite.
INTRODUCTION
Nowadays, with maturing exploration in Meso-Cenozoic primary petroleum basins in the Middle and Eastern China, more and more attentions are drawn to the superimposed basins in the Middle and western China (Sun et al., 2009) . Research has shown that the basins have complicated geological characteristics and accumulation processes, including multi-phase structural evolution, multi-set of source-reservoirseal combination, multi-cycle hydrocarbon accumulation and multi-phase rearrangement and reconstruction in the complicated superimposed basins of China (Zhou, 2000; Jia et al., 2003; Wang and Jin, 2002; Jin et al., 1998; Zhao et al., 2002; Zhang and Xue, 2002; Liu et al., 2009; Gao et al., 2009; Jiao et al., 2010) . Tarim Basin, the largest inland basin, with an area of about 560000 km 2 , oil and gas exploration resources of 22.94 billion tons, is currently the most potential basin as the strategic base of petroleum industry in China.
The oil-gas fields were formed by multi-stage filling and the gas pools accumulated in the late stages of the Mid-western basins . With advantageous geologic accumulation conditions of natural gas, uplift trap formed in the primary basin is a favorable area for migration and accumulation. Pang et al. (2008) indicated that hydrocarbon accumulation and distribution were mainly controlled by paleo-high, source rock kitchen, regional cap rock and kinematics equilibrium belt. The basic patterns of hydrocarbon accumulation, evolution and distribution in the complicated superimposed basin were characterized by controlling factor recombination, processes superimposition, multi-period accumulation and late period preservation (Lü et al., 2000) . Palaeozoic carbonate is the main target of oil and gas exploration in the Tarim Basin . Three types of accumulation models, namely, buried-hill accumulation in the high part of the uplift, structure-interior accumulation in the pitching part of the uplift and fault horst accumulation on the border of the uplift, are found in the lower Paleozoic carbonates. Petroleum occurrence is mainly controlled by paleo-uplift, fault, unconformity and fracture system. The pitching part of the paleo-uplift and the fault belts on the paleo-uplift are the favorable exploratory areas. Through the analysis of geological evolution (Zhao et al., 2004) , there mainly exist four Silurian accumulation patterns in the Tazhong Low Uplift, tectonic, stratigraphic lithological, stratigaphic overlap, and bitumen sealing type in the tectonic slope background. For the Eastern Tarim Basin, there are few researches on hydrocarbon accumulation. Based on the analysis of play elements and tectonic evolution, the characteristics and models of hydrocarbon accumulation in the Eastern Tarim Basin are discussed in this paper.
REGIONAL GEOLOGY AND PLAY ELEMENTS
The Eastern Tarim Basin in Xinjiang Autonomous Region with an area of approximately 1.2ϫ10 5 km 2 ( Fig. 1) is an important area for oil and gas exploration. Our study area is bounded by the Tianshan and Aljin Mountains and controlled by Cherchen and Kongquehe Faults. On the basis of location of paleo-highs, fluctuations of basement, and development of regional seal, the area is divided into six tectonic units (Jia, 1997; Lei et al., 2001; Wu and Li, 2002; Lü et al., 2006) , Manjar sag, Yingjisu sag, Kongquehe slope, Tadong low arch, Gucheng nose-arch and Luobupo nose-arch. The sedimentary rock sequences consist mainly of Sinian-Quaternary formations that overlie a basement of mostly Proterozoic sedimentary and metamorphic rocks. With a wide range of Cambrian, Ordovician, Jurassic, Cretaceous and Cenozoic, the conformation of depositional termination in connection with the activities of periphery tectonic plates is analogous with basin margin spreading like a tongue.
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Characteristics and models of hydrocarbon accumulation in Eastern Tarim Basin, China
From late Paleozoic to the present, five orogenies have occurred in the area. They are Caledonian, Hercynian, Indosinian, Yanshanian, and Himalayan (Zhou, 1995) . Six main stages are 1) Kuman aucolgon during the Early Caledonian (from Sinian to Ordovician), 2) the edge of Tarim cratonic sag basin during the Middle and Late Caledonian (from Silurian to Devonian), 3) intracratonic sag basin during the Hercynian (from Carboniferous to Permian), 4) foreland basin during the Indosinian (Triassic), 5) hinterland sag basin during the Yanshanian (from Jurassic to Cretaceous), and 6) rejuvenated foreland basin during the Himalayan (from Tertiary to today).
In 40 prospecting wells during more than 40 years of exploration, oil and gas shows were found in 26 wells. There are 6 wells drilled to carbonatite in the CambroOrdovician, Yingdong-2 gas stringer, Luoxi-1, Tadong-2, Milan-1 and Gucheng-4 SG&O,meanwhile rich asphalt was found in Gucheng-4 and Yingdong-2 drill cores. There are 11 wells drilled to the Silurian system, Mandong-1 commercial gas flow, Yingnan-2 and Longkou-1 SG&O, with wet gas or condensate oil. So far, there is no major breakthrough in oil exploration, and besides we also need to search for highly productive, stable blocks for gas exploration.
In the Eastern Tarim Basin, source rocks are from Cambrian and Lower-Middle Ordovician and Middle Jurassic formations ( Tadong-1
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C h e r c h e n F a u l t A e r j i n M o u n t a i n (Fig. 2) . They are 1) mottled sandstone reservoir and overlying red mudstone in the Cretaceous; 2) upper coal bed and underlying sandstone reservoir of the Kezilenuer Formation in the Jurassic; 3) lower coal bed and underlying sandstone reservoir of the Kezilenuer Formation in the Jurassic; 4) thick sandstone reservoir and overlying mudstone overlay of Yangxia-Ahe Formation In the study area, structural trap and stratigraphic trap are the main types (Fig. 3) . Unconformity surfaces, formed by different periods of tectonic movements, are good hydrocarbon migration pathways and form good unconformity traps at depositional terminations, i.e., Silurian stratigraphic trap in Mannan-2 well, and Devonian stratigraphic traps in Mancan-2 well, structural high anticlinal trap in Yingnan-2 well and fault structure traps (Longkou structural zone, Yingnan structural zone).
STRUCTURAL EVOLUTION AND HYDROCARBON GENERATION
From the Cambrian to the present, five phases of tectonic movements as mentioned above have developed in the Eastern Tarim Basin, resulting in multiple unconformities. Based on the distribution of unconformities and literature, tectonic characterizations can be found from the north-to-south tectonic development plane section (Fig. 4) .
From Cambrian to Ordovician, affected by the NE extension setting in the Eastern Tarim Basin, Lower Paleozoic source rocks were deposited. At the end of the Caledonian, a thick layer of Upper Ordovician sediment was deposited as a good regional overburden. With a higher geothermal gradient up to 3.1~3.2 ЊC/100 m (Fan and Zhou, 1994; Pan et al., 1996; Qiu, 2002; Wang et al., 2003) , Lower Paleozoic source rocks quickly came to the threshold of hydrocarbon generation. Finally, source rocks reached a high degree of thermal evolution (RoϾ3%) except the source rock in the Luobupo nose-arch, and the macroscopic maturity distribution was finalized. Not only hydrocarbons were generated quickly from source rocks during very short dozens of million years in some areas, but also cracked gas and bitumen were formed from the liquid hydrocarbon when R o approached 4.0%. During the late Caledonian movement, embryonic structures of the Tadong low arch and Gucheng nose-arch were formed by the continuous southward rising under the control of the Cherchen Fault. At the same time, some local structures were built up, such as Gucheng 4 arch, Tadong 1 and Tadong 2 arch.
During the Hercynian and Indosinian, the whole area was uplifted and Palaeozoic strata were eroded, and even the Mesozoic (Jurassic system) covered Ordovician in angular unconformity. The Triassic, Permian, Silurian, Devonian and part of Upper Ordovician were eroded away, and the eroded thickness reached more than 4800 m (Lan et al., 2009 ). There existed a major exposed level below the Jurassic System. Tadong low arch and Gucheng nose-arch were structurally finalized. The Indosinian event was considered to have no effect on thermal maturation of Lower Paleozoic source rocks.
During the Early-Middle Jurassic, with extensional sedimentation, the Lower-Middle Jurassic was deposited as another source rock. After Cretaceous sedimentation, regional unconformity existed and right lateral slip faults in the Yingjisu Sag was formed by closure of Amoer Sea, as the major hydrocarbon structures in the Late Mesozoic. During the Himalayan movement, because of the intense uplifting and flexing of the Altun and Kuluketage Mountains on the northern border of the Tarim Basin, thick layers of Cenozoic lacustrine and fluvial sediments were deposited and gradually took the shape of present structure. But buried depth and paleo-temperature did not meet the conditions of hydrocarbon generation and thermal evolution of Lower Paleozoic source rocks, the source rocks even fell into termination of gas generation (R o Ͼ 4%) Wang and Tian, 2007; Chen et al., 2007) . After the Caledonian movement, no hydrocarbon could be generated. The Jurassic source rocks were buried much deeper and began to generate hydrocarbon in parts of Yingjisu Sag after the Cretaceous.
In summary, with BasinMod software modeling of 7 deep wells in the Eastern Tarim Basin, the effects of different tectonic movements on the tectonic units are different, and three burial types can be found according to tectonic subsidence (sedimentation volume) as follows (Fig. 5) : persistent burial, Hercynian uplifting, Indosinian uplifting. The first type, despite the effect of multiphase tectonic activities from the Palaeozoic, received continuous deposition, and few strata were eroded away, such as Manjiar Sag and part of Yingjisu Sag. The representative well is Mandong-1. The other two types are related to the major periods of uplifting and denudation, one is in the Hercynian, and the other in the Indosinian. They are located in Gucheng nose-arch and Tadong low arch, and representative wells are Gucheng-4 and Tadong-2, respectively.
HYDROCARBON ACCUMULATION MODEL
Hydrocarbon reservoir is the association of hydrocarbon migration and trap formation and development, which is decided by effective trapping of migrated oil and gas in time and space. Therefore, it is an important task to build a hydrocarbon accumulation model for interpretation and forcasting of oil and gas distribution in the play (Sun et al., 2006; Qin et al., 2008) . Three models are built up in the Eastern Tarim basin as follows: 
Lower source-upper reservoir model above upper Ordovician
During the late Caledonian, the source rocks in the Cambrian and Lower-Middle Ordovician generated a great quantity of oil and gas because of deep burial in the upper Ordovician, but low permeability and heterogeneity of carbonate rock caused the generated liquid hydrocarbon absorbed and remained in source rock without being expelled. Later, as a result of deep burial and geothermal effect, liquid hydrocarbon in source rocks was cracked to generate cracked gas and bitumen as seen from drilling cores. The cracked gas migrated upward from the deep layer through discordogenic fault, and finally was accumulated in Silurian reservoir. The critical factor of this accumulation model is the communication between source rock and reservoir. During the Yanshanian, the reservoir was modified to receive hydrocarbon, and some gas entered Jurassic formation and was accumulated. Jurassic source rock was immature and no oil or gas was generated. Typically, termination of cracked gas decided the prospective layer. Successive hydrocarbon generation made possible the supply of gas from source rocks at the high maturation stage in the Eastern Tarim Basin. But in the Manjar Sag (Fig. 6) , the source rocks stopped generating oil and gas (R o Ͼ 4%) after the Caledonian. In the early Hercynian, the gas migrated toward the Silurian through the discordogenic fault and was accummulated. Therefore, gas reservoir of this model was formed much earlier, and mostly before the Jurassic. Even as a well with commercial gas flow, the size of Mandong-1 (Xiao et al., 2005) is limited because of methane's easy diffusion, and consequently presence of wet gas.
Mixed source-fault transportation-common sealing model of Jurassic sandstone
Different from the model above-mentioned, Jurassic source rocks participated in generating hydrocarbon during the Yanshanian and Himalayan. In parts of the Yingjisu Sag, such as Yingnan and Luobei structural zones, Jurassic source rocks were buried much deeper and began to generate hydrocarbon during the Cretaceous (He, 1994; Zhang and Zhang, 2001; Zhao et al., 2001; Liu et al., 2005; Liu et al., 2004; . Yingnan-2 well is taken as an example. Yingnan-2 well is located in the Yingnan structural zone, Yingjisu Sag. Silurian and Jurassic traps began to form during the late Jurassic fault movement, and were finalized at the end of the Cretaceous. Owing to thickening of overlying rock during the late Himalayan, Jurassic diagenetic metamorphism was intensified and tight sand was developed in local intervals to become unconventional cap rock. The hydrocarbon generated from Cambrian and Lower-Middle Ordovician source rocks migrated upward along the faults and were accumulated in the Jurassic reservoir (Zhang et al., 2004a; Li et al., 2005) . Meanwhile, hydrocarbon generated from Jurassic coal measure source rock through parallel migration went upward to the Jurassic reservoir and formed mixed source-fault transportation-common sealing model of Jurassic sandstone (Fig. 7). 4.3. Self-Generating-Self-preserving model of Palaeozoic carbonatite Lower Paleozoic carbonatite source rocks, such as dolomite, had better reservoir conditions and a very complex accumulation process was affected by different processes and degrees of thermal evolution. The model of hydrocarbon accumulation is developed in the area which did not experience deep burial or abnormal thermal effect after the Caledonian, such as Gucheng nose-arch and Tadong low arch. According to hydrocarbon filling, two sub-patterns can be built as follows: single phase of hydrocarbon filling during the Caledonian, and primary phase of hydrocarbon filling during the Caledonian and later cracked gas filling (Zhang et al., 2004b; Ran et al., 2008) (Fig. 8) . Because of early reservoir formation, hydrocarbon diffusion and tectonically activity, hydrocarbon reservoir could hardly be preserved unless there was good preservation condition after the Caledonian. The later the generation of cracked gas, the better the preservation of accumulated gas.
CONCLUSIONS
In this work, some important conclusions can be made. The main conclusions are listed as follows: 
